Objective: The primary goal of this study was to assess current maintenance intravenous fluid (mIVF) prescribing practices of pediatric hospitalists after the release of the American Academy of Pediatrics Clinical Practice Guideline (AAP CPG), specifically assessing the rates of various isotonic vs. hypotonic solutions used in discrete age groups and in common clinical scenarios associated with anti-diuretic hormone (ADH) excess and hyponatremia. We hypothesized that isotonic fluids would be selected in most cases outside of the neonatal period.
INTRODUCTION
Maintenance intravenous fluids (mIVF) are currently a popular topic among pediatric hospitalists. Risk factors for excess secretion of anti-diuretic hormone (ADH) have been increasingly described, placing hospitalized children at risk for hyponatremia (1) . Numerous randomized-controlled trials led to several meta-analyses and reviews showing a decreased risk of hyponatremia with isotonic fluids compared to hypotonic fluids in hospitalized children (2) (3) (4) . As a result, the 2015 National Institute for Health and Care Excellence guideline and the 2018 American Academy of Pediatrics Clinical Practice Guideline (AAP CPG) both recommend isotonic mIVF for most children (5, 6) .
Several published surveys have assessed prescribing practices for mIVF in children with high rates of hypotonic fluids selected. Way et al. surveyed anesthesiologists in the United Kingdom in 2006 and showed that most chose a hypotonic fluid postoperatively (7) . Davies et al. published similar results after surveying anesthesiologists and pediatric surgeons in 2008, also in the United Kingdom (8) . Keijzers et al. surveyed a wide-range of physicians at an Australian hospital in 2012 and found that most prescribed hypotonic fluids in a clinical scenario with high risk for excess ADH secretion (9) . Also in 2012, Freeman et al. showed that pediatric residents in the United States were more likely to choose hypotonic mIVF (10). Lee et al. published similar survey results for pediatric residents in South Korea in 2013 (11) .
No survey has focused on pediatric hospitalists and no survey has been published since the release of the AAP CPG. Our primary goal of this survey was to assess current mIVF prescribing practices among pediatric hospitalists after the release of this guideline, specifically assessing the prescribing rates of isotonic vs. hypotonic fluids. We hypothesized that isotonic fluids would be selected in most cases outside of the neonatal period. As a secondary objective, we sought to assess if hospital practice or year of training completion influenced mIVF choices.
METHODS
A voluntary and anonymous survey using Research Electronic Data Capture was distributed to the LISTSERV R for the AAP Section on Hospital Medicine (12) . This LISTSERV R exists for providers in pediatric hospital medicine but also welcomes trainees and other providers considering a career change to hospital medicine. As of March 18, 2019, there were 3,964 emails registered on the LISTSERV R . The survey was emailed on March 25, 2019 and was open for 28 days with an additional email reminder sent at day 14. The survey was developed iteratively using a previously published survey as a guide (10).
In the survey, respondents were asked to provide demographic data including their primary job/specialty, hospital practice category, and period of residency completion. Next, they were asked their primary fluid choice for children younger than 28 days, 28 days to 1 year, and 1-18 years of age. Prior to data analysis, it was decided that isotonic solutions would include 0.9% sodium chloride, Ringer's lactate, and Plasma-Lyte 148. Hypotonic solutions would include 0.2% sodium chloride and 0.45% sodium chloride. Finally, respondents were presented four clinical scenarios and asked to pick their mIVF choice if the patient was a 27 day-old neonate, a 6 monthold infant, or a 13 year-old adolescent (if applicable) for each scenario (gastroenteritis, meningitis, bronchiolitis, and postsurgical from a Nissen fundoplication). In the clinical scenarios, the respondents were asked to assume that dextrose and potassium would be added to the fluids as needed and the patients were: (1) average weight for age, (2) euvolemic with adequate urine output after 1-2 boluses, if needed, (3) without electrolyte disturbances, and (4) unable to tolerate enteral fluids. See Supplementary Material for the full survey.
Statistical analysis was performed using the chi-squared test to assess differences between specific groups. The primary author's institutional review board approved this study.
RESULTS
The demographic data of the respondents are detailed in Table 1 with 402 overall respondents resulting in a 10.1% response rate. Figure 1 displays the primary mIVF chosen for each age range, with 0.9% sodium chloride and 0.45% sodium chloride the two most commonly chosen solutions (53.3 and 41.4%, respectively). Isotonic solutions were preferred by respondents in older children compared to younger age groups, at 87.8% for the 1-18 years age group compared to 66.3% for the 28 days to 1 year age group and 10.6% for the younger than 28 days age group (all p values < 0.0001). 0.45% saline was the preferred mIVF in the younger than 28 days age group (80.0%).
Comparing the primary mIVF chosen for each age range by hospital practice location, isotonic fluids were more likely to be used in children younger than 28 days old in children's hospitals (free-standing or within an adult hospital) at 13.1% compared to non-children's hospitals at 3.1% (p = 0.0055). The influence of time of training completion on primary mIVF chosen, demonstrated a statistical difference only in patients 1-18 years of age, with residency training completed in 2010 or later showing a higher rate of an isotonic fluid choice (90.7%) compared to those who completed training prior to 2010 (83.3%, p = 0.0298). When presented with specific scenarios associated with ADH excess, the overall use of isotonic fluids increased to 64.4%, with higher usage with increasing age in the three groups (27 day-old, 6-month old, and 13 year-old; see Figure 2 ). For the 13 year-old, >87% of respondents chose isotonic fluids for each scenario, without statistical differences between the cases. For the other two age ranges, isotonic fluids were more likely to be chosen in the meningitis case compared to the other three cases (p < 0. 00001 for 27 day-old and p < 0.034 in 6 month-old). When the scenarios were divided by time of training completion, response rates were higher for isotonic fluids in those who finished training in 2010 or later compared to those who completed their training prior to 2010 for the following cases: 6 month-old with gastroenteritis (82.4% vs. 70.3%, p = 0.0076) and bronchiolitis (83.3% vs. 70.3%, p = 0.0037) and 13 year-old with meningitis (97.6% vs. 92.4%, p = 0.0193). The opposite was true in the post-surgical case for the 27 day-old when those who completed training prior to 2010 were more likely to choose isotonic fluids (32.6%) compared to those who completed training after 2010 (19.5%, p = 0.005).
DISCUSSION
The majority of pediatric hospitalists surveyed chose isotonic mIVF for children 28 days to 18 years of age, which is consistent with the 2018 AAP CPG and vastly different from the preference for hypotonic fluids in previously published pediatric surveys (6) (7) (8) (9) (10) (11) . The AAP CPG specifically excluded neonates in their recommendation to use isotonic fluids given the paucity of data for this age group; our results show that hypotonic fluids continue to be more commonly chosen for neonates younger than 28 days (6) .
While hypotonic fluids remain the preferred solution in neonates, 0.45% sodium chloride was favored compared to 0.2% sodium chloride, which is the closest solution in sodium concentration to the requirements in the original 1957 publication by Holliday and Segar that laid the foundation for mIVF prescribing practices in children (13) . This potentially suggests that the AAP CPG and supporting literature may have influenced fluid choice in neonates despite the absence of a specific recommendation for this age group. Outside of the neonatal period, isotonic fluids were the most common choice in all clinical scenarios presented. Each clinical scenario was chosen to represent a condition commonly associated with excess ADH making isotonic fluids the preferred choice.
We observed higher rates of isotonic fluids in specific scenarios in children's hospitals compared to non-children's hospitals and in those who completed residency training in 2010 or later compared to training prior to 2010. However, the opposite was observed in the 27-day-old post-surgical case, when isotonic fluids were more common in those who completed their training prior to 2010. In certain scenarios, pediatric hospitalists may be more likely to prescribe isotonic fluids if they have more recently completed their residency training or if they practice in a children's hospital. Both of these factors may increase the likelihood of exposure to the recent literature describing the decreased risk of hyponatremia with isotonic fluids.
Balanced isotonic solutions (Ringer's lactate and Plasma-Lyte 148) were uncommonly chosen in any scenario and both had much lower rates compared to 0.9% sodium chloride. Though there is limited adult data to support the use of balanced isotonic fluids, there is scarce data on this topic for mIVF in pediatrics, which we suspect contributed to these low rates (14, 15) . Limitations of this study include that this survey data may not accurately predict prescribing behavior and may not be a representative sample of pediatric hospitalists in the United States. A participation bias is also possible as survey respondents may have been more aware of the AAP CPG and preferentially more likely to choose isotonic fluids. Additionally, the LISTSERV R included other respondents, who were not primary hospitalists, which may have influenced the results. 
CONCLUSION
Overall, based on survey responses, pediatric hospitalists are following the 2018 AAP CPG on mIVF and are more likely to choose isotonic fluids as their primary mIVF in pediatric patients outside of the neonatal period, including in scenarios of excess ADH. Isotonic fluids use seems to be higher with increasing age and hypotonic fluids are more commonly chosen in the neonatal period. What remains to be determined from the change in mIVF from hypotonic to isotonic fluid is if it will result in unintended consequences, such as hypernatremia, and how often electrolytes need to be monitored. An ongoing multicenter quality improvement project will help address this issue.
